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1.  INTRODUCTION 


Summary  of  the  Problem 


^^Past  experience  with  passive  sonar  systems  has  shown 
that  significant  numbers  of  transient  signals  are  produced  by 
submarines  and  surface  ships.  The  sources  of  these  transients 
are  mechanical,  such  as  hatches  slamming  or  tools  dropping.  Until 
now  little  systematic  use  has  been  made  of  these  signals.  The 
work  presented  here  is  the  result  of  some  preliminary  investigations 
to  determine  a suitable  technique  for  processing  these  transients. 

It  has  been  concluded  that  transient  pulses  fall  into 
a number  of  classes  and  that  all  pulses  in  a specific  class  can 
be  roughly  described  by  an  appropriate  function.  Examples  of 
these  functions  are 


To  design  an  optimum  linear  filter  system  for  processing 
such  transients  one  can  select  an  orthonormal  basis,  $j^(t), 
i = 1,2,...,  and  expand  the  signal  function  f (t)  in  a linear 
combination  of  the  Two  sets  of  orthonormal  functions  were 

used:  the  Laguerre  functions  defined  by  the  sequence  


and  an  arbitrary  set  of  functions  defined  by  the  sequence 
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The  coefficients,  c^,  of  the  linear  expansion 


N 

f(t)  E c.f.(t) 
i=l  ^ ^ 


were  determined  in  the  least-squares  sense,  i.e.. 


c^  = J f(t)f^(t)dt  . 

« 00 

With  this  type  of  expansion  a measure  of  the  relative  error, 

Tijg,  incurred  in  the  approximation  with  N terms  of  the  expansion 
is  given  by 


where 


tin  * 


N 

E 

i=l 


^i 


y 


and 


00 

= J f^(t)dt  . 

*00 


For  each  function  under  consideration  error  curves  were 
developed  to  display  the  relative  error,  tij^,  for  one  to  five  terms 
of  the  linear  expansion.  Where  tijj  also  varies  with  some  parameters 
of  the  function  under  consideration,  plots  were  developed  to 
display  the  changes  in  with  respect  to  the  parameters.  Other 
plots  were  developed  to  show  the  original  function  and  the  five 
approximation  functions  simultaneously. 


2 


tt.  . «lh 
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Each  of  the  seven  numbered  sections  which  follow  covers 
the  analysis  of  a specific  function.  The  presentation  of  each 
analysis  is  similar  in  format,  consisting  of  the  following: 

a.  A definition  of  the  function. 


b.  General  comments  pertaining  to  the  function, 
analysis,  and  the  data  presented. 

c.  The  first  five  coefficients  obtained  from  the 
Laguerre  basis  expansion  and  the  arbitrary  basis  expansion. 

d.  Curves  and  tables. 
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The  function  under  consideration  is  defined  by 


f(t)  = cos  (Dt,  a ^ 0 . 


The  illustrations  in  this  group  show  contour  plots  of  Ti(a,uj) 
which  were  developed  to  show  how  rijj  varies  with  a and  w for 
N = 1,2, 3, 4, 5.  There  are  ten  of  these  plots,  five  for  the 
Laguerre  case  and  five  for  the  arbitrary  case.  For  each  plot  the 
horizontal  axis  is  the  oj-axis  and  the  vertical  one  is  the  a-axis. 
Each  locus  is  identified  by  a symbol,  1,2,3,...,  A,B,...,  etc. 

On  the  page  adjacent  to  each  plot  is  a table  which  associates 
the  symbol  with  the  corresponding  value  of  for  points 

on  the  locus.  The  format  of  the  numbers  in  these  tables  is 
scientific  notation,  i.e.,  E + X is  equivalent  to  the  scale 
factor  10^^. 


2.1 


f(t)  = e~°‘'^  cos  u)t 


Laguerre  series 
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c, {-  (a+i)  + 

^ (a+l)*^  + ^ [(a+1)  + uj  ] 
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f(t)  = cos  o)t 


Arbitrary  series 
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1 1 .OOQOOE-Q^ 

2 5.00000E-0^ 


cn 

CO 

CO 

CO 

C\J 

C\J 

OJ 

o 

1 

o 

1 

O 

1 

O 

o 

1 

o 

1 

CD 

1 

1 

LU 

1 

LU 

1 

LU 

UJ 

1 

LU 

1 

LU 

1 

LU 

O 

C 

O 

O 

O 

O 

CD 

O 

O 

O 

O 

O 

O 

CD 

o 

O 

O 

O 

CD 

O 

CD 

o 

o 

O 

O 

CD 

O 

CD 

o 

LO 

O 

ID 

CD 

m 

ID 

• 

CD 

• 

OJ 

ID 

ID 

o o 

t I 
liJ  LU 
O O 
O O 

^ s 

_ o o 
o in  o 


a 

I 

LU 

o 

o 

c 

o 

LO 


o 
o o 

I 

UJ  UJ  UJ 

o o o 
o o 
o o 
c o 

LO  O 


o 

I 


o 

o 

o 

o 


(M  m 


* 

t 

■ 'it 
> * 


CM 

co 


rr):a-miDr^aDcr)a:QDi_'QLiJij- 


•I 


^ ^ cn 
o o o 

I I I 
UJ  liJ  UJ 

o o o 
o o o 
o o o 
o o o 
o o o 


(n  CO  cn 
o o o 

I I I 
UJ  UJ  UJ 

o o o 
o o o 
o o o 
o o o 
in  CD  in 


w w CJ 
o o o 
I I I 
UJ  UJ  UJ 
CD  CD  CD 

OSS 

CD  CD  O 

o o o 

O LO  O 


^ t-H 

o o o 

I I I 
UJ  UJ  UJ 

o o o 
o o o 
o o o 
o o o 
in  CD  in 


r-H  f— < I i 

o o o 

^ ^ 
CD  CD  a 
CD  CD  O 
CD  CD  Q 
O LO  O 


.-•LO.-'(\jior'^cvjior'«-«CLjLor**-» 


.-«CVJCO:J'lO(Or^a3CJ)CCCDLJDUJ 


FOUR  FILTERS 


■ 


llJ 

!D 

- J ^ 

5 ? 

- S 

D § 

E ° 

<-i  ^ 


zr-  cn  CO 

o o o 


o o o 

CD  CD  CD 
CD  CD  CD 
CD  CD  CD 
CD  CD  in 


CO  CO  (\J 
CD  CD  CD 
I I I 
LU  UJ  LU 
CD  CD  CD 
CD  CD  CD 
CD  CD  CD 
CD  CD  CD 
CD  \JD  CD 


CVJ  C\J  CVJ 
CD  CD  CD 
I I I 
UJ  liJ  LU 
CD  CD  CD 
CD  CD  CD 
CD  CD  CD 
CD  CD  CD 
CD  CD  UD 


CD  CD  CD  CD  CD 

I I I I 

LU  LU  LU  UJ  LU 

CD  CD  CD  CD  CD 

CD  CD  CD  CD  CD 

CD  CD  CD  CD  CD 

CD  CD  CD  CD  CD 

CD  l/D  CD  i/D  CD 


LO  r- 


CVJ  LO  cvi  LO 


CVJCOra-LDCDr-CDCnCXCDLJQUJU- 


CONTOUR  SYMBOL  CONTOUR  VALUE 

1 1 .OOOOOE-04 

2 5.00000E-04 


cn 

o 

I 

UJ 

o 

o 

o 

o 

o 


CO  m cn  c\j  cvj  CNJ 

o o o o o o 


C\J  t— t— I o 

o o o o o o 


I I I I I I I I I I I 
lUliJUJlUliJUJUJUJUJLUUJUJ 

oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 

LOOLOOLOOI/50UDOIOO 


-^ojior^r-«c\jLor''-<(MLor^^ 


vO 

CM 


u 

►J 

CQ 


( 

1 


co:riotDr^cD(j)a:oQOQUJU_ 


i=’ 


ONE  FILT 


CONTOUR  SYMBOL  CONTOUR  VALUE 

1 1 .OOOOOE-04 


3-  cn  cn  cn  cn  oj  <M 

o o o o o o o 

I I I I I I I 

HJ  LjJ  Li  J I 111  111  li ) 

O O O O O O O 

o o o a o o o 

o o o o o o o 

CD  CD  CD  (D  (D  CD  CD 

CD  CD  lO  CD  IT)  CD  l/y 


m — * cu  LO  r-  — ' oj 


OJ  OJ  o 

CD  CD  CD  CD  CD  CD  CD 

I I I I I I 

LU  UJ  liJ  LU  LU  LU  liJ 

O O O O O O O 

o o o o o o o 

CD  CD  CD  CD  CD  CD  CD 

CD  CD  CD  CD  CD  CD  CD 

CD  LO  CD  lO  CD  UD  CD 

• •••••• 

r*  oj 


CM 

W 


hJ 

CQ 


<d 


H 


CJCn:ri/DlOr^ODCDCECDOQLiJU- 


CONTOUR  SYMBOL.  CONTOUR  VALUE 

1 1 .OOOOOE-04 

2 S.OOOOOE-OH 


CONTOUR  SYMBOL  CONTOUR  VALUE 

1 1 .00000E'-0‘+ 

2 5.00000E-04 


CONTOUR  SYMBOL  CONTOUR  VALUE 

1 1 .OOOOOE-04 

2 5.00000E-04 


I 


1 


m 

cn 

cn 

CVJ 

CVJ 

CVJ 

CVJ 

r— 1 

•— 1 

o 

o 

o 

1 

UJ 

o 

o 

o 

o 

1 

UJ 

o 

o 

o 

o 

o 

o 

1 

UJ 

o 

1 

UJ 

1 

UJ 

1 

UJ 

1 

UJ 

1 

UJ 

1 

UJ 

UJ 

UJ 

UJ 

Ul 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

U3 

c 

LO 

o 

o 

o 

to 

<D 

to 

o 

to 

o 

«-*4 

OJ 

U3 

r* 

CO 

to 

r- 

CVJ 

lO 

m:ruDtDr-CDcna:oDuoiiJij_  || 

'I 

j 


PRSCEDIIC  PA3£i*JU0C.N0T  FILMTO 


TRACOR,  INC. 


6500  TRACOR  LANE.  AUSTIN.  TEXAS  78721 


3.  The  function  under  consideration  is  defined  by 


f(t)  = a > 0,  8 > 0 . 

Contour  plots  of  were  produced  to  show  how  iTj^  varies  with  a 
and  8 for  selected  values  of  A and  B.  Figures  3.1  through  3.10 
were  developed  with  A=1  and  B=2.  The  second  set,  Figs.  3.11 
through  3.20  were  developed  with  A=3  and  B=2.  For  each  contour 
plot  the  horizontal  axis  is  the  a-axis  and  the  vertical  one  is 
the  e-axis.  The  last  two  figures  of  this  group  are  point  plots 
of  Tij^  vs  N for  A=3,  B=2,  a=l,  and  8=2.  The  expansion  coefficients 
were  developed  for  this  special  case.  They  are  included  in 
Sections  3.3  and  3.4. 

3.1  f(t)  = Ae  - Be  a > 0,  8 > 0.  Laguerre  series 
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FIG.  3.1 

CONTOUR  PLOT  OF  RELATIVE  ERROR  AS  IT  VARIES  WITH  ALPHA  AND  BETA 
LAGUERRE  EXPANSION  OP  F( T )=A«EXP( -ALPHAwT )-B*EXP( -BETAnT ) 

A=1.0.  B=2.Q.  AND  N=1 
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FIG.  3.2 

C0NT0UR  PL0T  0F  RELATIVE  ERR0R  flS  IT  VARIES  WITH  ALPHA  AND  BETA 
LRGUERRE  EXPRNSI0N  0F  F( T )=RwEXP( -ALPHAnT )-B*EXP( -BETA»T ) 

A=1.0,  B=2.0.  AND  N=2 
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FIG.  3.3 

CONTOUR  PLOT  OF  RELATIVE  ERROR  AS  IT  VARIES  WITH  ALPHA  AND  BETA 
LAGUERRE  EXPANSION  OF  F( T)=A*EXP(--ALPHA»T)-0*EXP(-BETA»T) 

A=1.0.  B=2.0,  AND  N=3 
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FIG.  3.4 

CONTOUR  PLOT  OF  RELATIVE  ERROR  flC  IT  VARIES  WITH  ALPHA  AND  BETA 
LAGUERRE  EXPANSION  OF  F(T)=A»EXP(-^LPHA»T)-B»EXP(-BETAi«T) 

A=1.0.  B=2.Q.  AND  H=H 
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FIG.  3.6 


CONTOUR  PLOT  OF  RELATIVE  ERROR  AS  IT  VARIES  WITH  ALPHA  AND  BETA 
ARBITRARY  EXPANSION  OF  F( T )=A»EXP( -ALPHA«T )-B«EXP( -BETAnT ) 
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FIG.  3.7 

CONTOUR  PLOT  OF  RELATIVE  ERROR  AS  IT  VARIES  '/IITH  ALPHA  AND  BETA 
ARBITRARY  EXPANSION  OF  F(T)=A»EXP(-ALPHA«T)-BwEXP(-BETApT) 

Arl.O.  B=2.0.  AND  N=2 
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CONTOUR  PLOT  OF  RELATIVE  ERROR  flS  IT  VARIES  WITH  ALPHA  AND  BETS 
ARBITRARY  EXPANSION  OF  F( T)=A»EXP(-ALPHA*T)-B»EXP(-BETA»T) 


CONTOUR  SYMBOL 
1 
2 
3 

5 

6 

7 

8 


CONTOUR  VALUE 
i .OOOOOE-03 
1 .OQOOOE-04 
1 .QOQOOE-05 
1 .OQQOQE-06 
1 -OOOOOE-07 
1 .OOOOOE-08 
1 .OOOOQE-09 
l.OQOOQE-10 


TAbLE  3.9 


FIG.  3.9 

CONTOUR  PLOT  OF  RELRTIVE  ERROR  flS  IT  VARIES  WITH  ALPHA  AND  BETA 
ARBITRARY  EXPANSION  OF  F( T )=A«EXP( -ALPHAnT )-B»EXP( -BETApT ) 

A=1.Q.  B=2.Q.  AND  N=4 
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CONTOUR  VALUE 
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FIG.  3.11 


CONTOUR  PLOT  OF  RELATIVE  ERROR  PS  IT  VARIES  WITH  ALPHA  AND  BETA 
LAGUERRE  EXPANSION  OF  F( T)=A»EXPI-ALPHA»T)-B»EXP(-BETP»T) 
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FIG.  3.12 

CONTOUR  PLOT  OF  RELATIVE  ERROR  AS  IT  VARIES  WITH  ALPHA  AND  BETA 
LAGUERRE  EXPANSION  OF  F( T)=A»EXP(-ALPHA»T J-Bi«EXPr-BETA«T3 

A=3.0,  B=2.Q,  AND  N=2 
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CONTOUR  VALUE 
1 .OOOUUE-03 
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CONTOUR  VALUE 
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1 .OOOOOE-06 
1 .OOOOOE-07 
1 .OOOOOE-08 
1 .OQOOOE-09 
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FIG.  3.14 

CONTOUR  PLOT  OF  RELPTIVE  ERROR  PS  IT  VPRIES  WITH  PLPHP  PND  BETP 
/ LPGUERRE  EXPPNSION  OF  F( T J=P»EXPI-PLPHP»T)-B»EXP(-BETP»T) 

i P=3.Q.  B=2.0.  PND  N=H 
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CONTOUR  SYMBOL 
1 
2 

3 

4 

5 

6 

7 

8 


CONTOUR  VflLUt 
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; CONTOUR  PLOT  OF  RELATIVE  ERROR  flS  IT  VARIES  WITH  ALPHA  AND  BETA 

/ LAGUERRE  EXPANSION  OF  F( T)=A»EXP(-ALPHA»T)-B»EXP(-BETA»T) 

i A=3.0.  B=2.Q.  AND  N=5 
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FIG.  3.16 

CONTOUR  PLOT  OF  RELATIVE  ERROR  flS  IT  VARIES  WITH  ALPHA  AND  BETA 
ARBITRARY  EXPANSION  OF  Ft T ]=A»EXP( -ALPHA»T )-B»EXP( -BETAnT ) 

A=3.0.  B=2.0,  AND  N=1 
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CONTOUR  VALUE 
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FIG.  3.17 

C0NT0UR  PL0T  0F  RELATIVE  ERR0R  AS  IT  VARIES  WITH  ALPHA  AND  BETA 
ARBITRARY  EXPANSI0N  0F  F( T )=A»EXP( -ALPHAnT )-B*EXP( -BETA»T ) 

A=3.0.  B=2.0.  AND  N=2 
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FIG.  3.18 

CONTOUR  PLOT  OF  RELATIVE  ERROR  AS  IT  VARIES  WITH  ALPHA  AND  BETA 
ARBITRARY  EXPANSION  OF  F( T )=A»EXP( -ALPHAwT )-B»EXP( -BETA»T ) 
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l.OOOOOE-05 
1 .QOOOOE-06 
1 .QOOOOE-07 
l.OOOOOE-08 
1 .OOOOOE-09 
1 -OOOOQE-IQ 


TABLE  3.19 


T 


BatBwawft 


r 


CONTOUR  SYMBOL 
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CONTOUR  VALUE 
1 .OOOOOE-03 
1 .OOOOOE-04 
1 .OOOOOE-05 
1 .OOOOOE-06 
1 .OQOOOE-07 
1 .OOOOQE-08 
1 .OOOOOE-09 
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CONTOUR  PLOT  OF  RELATIVE  ERROR’ AS  IT  VARIES  WITH  ALPHA  AND  BETA 
ARBITRARY  EXPANSION  OF  F( T J=A*EXPI -ALPHApT )-B»EXP( -BETApT J 

A=3.0.  B=2.0.  AND  N=5 
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FIG.  3.21  PLOT  OF 

NUMBER  OF  FILTERS  VS-  RELATIVE  ERROR 
F( T 1=3*EXP( -T )-2kEXP( -2T 1 
LAGUERRE  SERIES 
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The  function  under  consideration  in  this  case  is 


f(t)  = t,  0 < t < A 


From  the  two  pages  of  coefficients  for  this  function  one  can  see 
that  is  a function  of  the  parameter  A.  To  show  the  affect  of 
A on  T|  ten  plots  of  vs  A were  developed:  five  for  the  Laguerre 

expansion  and  five  for  the  arbitrary  expansion.  The  horizontal 
axis  of  each  plot  is  the  A-axis  and  the  vertical  axis  is  the 
rij^-axis.  Following  the  ten  error  plots  are  eight  plots  of  f(t) 
and  the  five  approximations  for  four  values  of  A.  In  each  of 
these  plots  the  horizontal  axis  is  the  t-axis.  Note  that  the 
curves  for  a given  plot  approximate  the  function  for  0 < t ^ A 
where  A is  specified  on  the  plot;  therefore  for  values  of  t 
greater  than  A the  approximations  have  no  meaning. 

4.1  f(t)  = t 0 < t < A Laguerre  series 


= 1 /2A^ 
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I 


= - y'2Le~^  (A+1)  - Ij 


C,  = - /2Le"^(2A^  + 3A  + 3)  - 3j 


C.,  = - /■2Le‘^(2A^  + 2A^  + 5A  + 5)  - 5J 
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= - /2Le"‘'^(4/3A^  - 2/3A^  + 4A^  + 7A  + 7)  - 7J 

= - ^'2Le“‘^(2/3A^  - 2A^  + 4A^  + 4A^  + 9A  + 9)  - 9] 

f(t)=t  0<t<A  Arbitrary  series 

= H2P? 

= - /2Le“^  (A+1)  - Ij 

A -2A 

C2  = 5/2  - 4(A+l)e"'^  + 3/2(2A+l)e 

^3  " " ^ BCA+De""^  -3(2A+l)e"^^  + i^(3A+l)e  ^ ] 

. 2/2[^  - 4(A-H)e-^  + %2A+l)e-“  - ^OA+De'^A 

+ ^(4A+l)e"‘^^] 

r - - iOe-^(A+i)  + 30e"2A(2A+l)  - ^ e'^^OA+l) 

+ 35e~^^(4A+l)  - ^250  ^ (5A+1)| 


FIG.  4.1  PLOT  OF 
fl  VS.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = 1 
F(T)=T 

LAGUERRE  SERIES 
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FIG.  4.2  PLOT  OF 
fl  vs.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = 2 
FfT)=T 

LAGUERRE  SERIES 


FIG.  4.3  PLOT  OF 
q V5.  RELPTIVE  ERROR 
NUMBER  OF  FILTERS  = 3 
F(T)=T 

LPGUERRE  SERIES 
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FIG.  4.5  PLOT  OF 

fl  vs.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = 5 
F(T)=T 

LflGUERRE  SERIES 
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G.  4.7  PLOT  OF 
fl  VS.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = 2 
FIT)  = T 

ARBTIRARY  SERIES 
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FIG.  4.10  PLOT  OF 

fl  VS.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = 5 
F(T)  = T 

ARBTIRflRY  SERIES 
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5.  The  function  in  this  case  is  defined  by 


f(t)  = ate“°'  , a ^ 1 . 


Four  error  plots  of  vs  N were  developed,  two  for  the  Laguerre 
basis  expansion  and  two  for  the  arbitrary  basis  expansion.  The 
first  plot  of  each  case  was  produced  with  a=l  and  the  second  with 
0.-2 . Figures  5.5  through  5.14  are  plots  of  rij^  vs  A for  0 s A s 2 
and  N=1  through  5.  The  final  set  of  plots  of  this  group  are  plots 
of  f(t)  and  the  five  approximations  for  a=.5,  1.0,  1.5,  and  2.0. 
These  curves  are  identified  by  a number  which  denotes  the  number 
of  terms  in  the  expansion. 


f(t)  = ate' 


a 2:  1 
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E-  = 7^ 
1 4a 
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% L(a+1)  - 4J 

(a+1) 


Co  = L(a+1)^  - 8(a+l)  + 12 J 
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L(a+1)3 

(a+1) 
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L(a+1)^ 

(a+1)^ 


16 (a+1) ^ + 72 (a+1) ^ - 128 (a+1)  + 80] 


FIG.  5.1  plot  of 

NUMBER  OF  FILTERS  VS.  RELATIVE  ERROR 
ALPHA  =1.0 

FIT)  = ALPHAi»T»EXP(-ALPHA«T) 
LAGUERRE  SERIES  CASE 
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FIG.  5.2  plot  of 

NUMBER  OF  FILTERS  VS.  RELATIVE  ERROR 
ALPHA  =2.0 

FIT)  = ALPHA»T«EXP(-ALPHA»T) 
LA6UERRE  SERIES  CASE 
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FIG.  5.3  PLOT  OF 

NUMBER  OF  FILTERS  VS.  RELATIVE  ERROR 
ALPHA  =1.0 

FIT)  = ALPHA»T»EXPI-ALPHA»T) 
ARBITRARY  SERIES  CASE 
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FIG.  5.4  plot  of 

NUMBER  OF  FILTERS  VS.  RELATIVE  ERROR 
ALPHA  =2.0 

FIT)  = ALPHA»T»EXPI-ALPHA»T) 
ARBITRARY  SERIES  CASE 


6-70-54 


FIG.  5.5  PLOT  OF 

fl  vs.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = 1 
F(T)=flj"T»EXPF(-fl»T) 
LflGUERRE  CASE 


TRFICOR 
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FIG.  5.8  PLOT  OF 

fl  vs.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = W 
F(T)=fl»T»EXPF(-fl»T) 
LAGUERRE  CASE 
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FIG.  5.9  PLOT  QF 

fl  vs.  RELATIVE  ERROR 
NUMBER  QF  FILTERS  = 5 
F( T)=fl«T*EXPF(-fl»T) 
LAGUERRE  CASE 
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FIG.  5.11  PLOT  OF 

fl  VS.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = 5 
F(T]=fl»T«EXPF(-fli«T) 
ARBITRARY  CASE 
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FIG.  5.13  PLOT  OF 

fl  vs.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = 3 
F(T]=flKT*EXPF(-fl»T) 
ARBITRARY  CASE 
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FIG.  5.14  PLOT  OF 

fl  vs.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = 
F(T]=A»T*EXPF(-A»T) 
ARBITRARY  CASE 
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6.  The  function  under  consideration  here  is  defined  by 


f(t)  = 


a - 3 


asO,  3sO,  a?^3 


Ten  contour  plots  of  rij^  were  produced  to  show  how  varies  with 
a and  3.  Five  of  the  plots  are  for  the  Laguerre  expansion  and 
five  for  the  arbitrary  expansion  of  f(t).  For  each  contour  plot 
the  horizontal  axis  is  the  a-axis  and  the  vertical  one  is  the 
8-axis.  Neither  f(t)  nor  rijj(a,3)  is  defined  for  a=8,  therefore 
when  using  these  plots  points  along  the  line  a=3  are  to  be 
disregarded. 
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FIG.  6.1 

CONTOUR  PLOT  OF  RELATIVE  ERROR  AS  IT  VARIES  WITH  ALPHA  AND  BETA 
LAGUERRE  EXPANSION  OF  F(T)=( A»EXPI-AT)-B»EXP(-BT) )/( A-B) 

ONE  FILTER 
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CONTOUR  VflLUe 
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FIG.  6.2 

CONTOUR  PLOT  OF  RELATIVE  ERROR  AS  IT  VARIES  WITH  ALPHA  AND  BETA 
LAGUERRE  EXPANSION  OF  F(T)=( A»EXP(-AT)-B«EXP(-BT) )/( A-B) 

TWO  FILTERS 
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FIG.  6.3  I 

CONTOUR  PLOT  OF  RELATIVE  ERROR  RS  IT  VARIES  WITH  ALPHA  AND  BETA  | 
LAGUERRE  EXPANSION  OF  F(T)=( A«EXPt-AT)~B»EXP(-BT) )/( A-B) 

THREE  FILTERS 


S-70-J 

f J 


ONTOUR  SYMBOL 
1 
2 
3 

5 

6 

7 

8 
9 
P 
B 
C 
0 
E 
F 


CONTOUR  VRLUE 

1 .OOOOOE-OH 

5.00000E-0H 

1 .OOOOOE-03 

2.50000E-03 

5.00000E-03 

7.50000E-03 

1 .OOOOOE-02 

2.50000E-02 

5.00000E-02 

7.50000E-02 

1 .OOOOOE-01 

2.50000E-01 

5.00000E-01 

7.50000E-01 

1 -OOOOOE  00 


TABLE  6.4 


FIG.  6.4 

CONTOUR  PLOT  OF  RELATIVE  ERROR  PS  IT  VARIES  HITH  ALPHA  AND  BETA 
LA6UERRE  EXPANSION  OF  F( T)=(A»EyP(-AT)-B»EXP(-BT) )/( A-B) 

FOUR  FILTERS 
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FIG.  6.5 

CONiaUR  PLOT  OF  RELATIVE  ERROR  flS  IT  VARIES  WITH  ALPHA  AND  BETA 
LAGUERRE  EXPANSION  OF  F(T)=(AiiEXP(-AT)-B»EXPt-BT))/(A-8) 

FIVE  FILTERS 
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FIG.  6.6 

CONTOUR  PLOT  OF  RELATIVE  ERROR  flS  IT  VARIES  WITH  ALPHA  AND  SETA 
ARBITRARY  EXPANSION  OF  F( T )=( A»EXPl -AT )-B»EXPl -BT  ) }/( A-B ) 

ONE  FILTER 
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CONTGUR  PLOT  OF  RELATIVE  ERROR  flS  IT  VARIES  WITH  ALPHA  AND  BETA 
ARBITRARY  EXPANSION  OF  F( T )=( A»EXP( -AT )-B»EXP( -BT ))/( A-B ) 

THREE  FILTERS 
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FIG.  6.9 

CONTOUR  PLOT  OF  RELATIVE  ERROR  AS  IT  VARIES  WITH  ALPHA  AND  BETA 
ARBITRARY  EXPANSION  OF  F( T)=( A»EXP(-AT)-B»EXP(-BT))/(A-B) 
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I C0NTQUR  PLOT  OF  RELATIVE  EB 
/ ARBITRARY  EXPANSION  OF  F(1 
I FIVE  FILTERS 
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FIG.  6.10 
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7.  The  functions  under  consideration  here  is 
f(t)  = 1,  0 < t < A . 

The  format  of  the  plots  for  this  function  is  the  same  as  for 
the  function 

f(t)  = t 

which  was  described  above. 

7,1  f(t)  = 1,  0 < t < A Laguerre  series 


E.  = A 
1 

= /2(1  - e"^) 

C2  = /^  Ll  e"^(2A+l)J 
C3  = /2  U - e"^(2A^+l)] 

= /T  Ll  - e‘‘^(4/3A^  - 2A^  + 2A  + 1)  ] 

C3  = /Z  [1  - e"'^(2/3A^  - 8/3A^  + 4A^  + 1)  ] 
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7.2  f(t)  = 1 Arbitrary  series 
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y FIG.  7.3  PLOT  QF 

j R vs.  RELATIVE  ERROR 

( NUMBER  QF  FILTERS  = 3 

" F(T)=1 

LR6UERRE  CASE 
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FIG.  7.5  PLOT  OF 
fl  vs.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = 5 
F(T)=1 

LA6UERRE  CASE 
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FIG.  7.6  PLOT  OF 
P vs.  RELRTIVE  ERROR 
NUMBER  OF  FILTERS  = 1 
F(T)=1 

PRBITRPRY  CASE 
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FIG.  7.7  plot  of 

fl  VS.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = 2 
F(T)=1 

ARBITRARY  CASE 
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FIG,  7.8  PLOT  OF 
fl  vs.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = 3 
F(TI=1 

ARBITRARY  CASE 
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FIG.  7.10  PLOT  OF 

fl  VS.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = 5 
F(T)=1 

ARBITRARY  CASE 


S-70-92 


f(t) 


FIG. 


7.l6F(T)=i  rnd  five  approximations  for  A=1.0 

ARBITRARY  CASE 
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8.  The  function  under  consideration  here  is 
f(t)  = jCA-t),  0 < t < A . 

The  format  of  the  plots  for  this  function  is  the  same  as  for 
the  function  f(t)  = t which  was  described  above. 

8.1  f(t)  = l/A(A-t)  0 < t < A Laguerre  series 


Cl  - ^ A-i] 
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63=^  [e“‘^(2A^  + 4A  + 5)  + A-Sj 

^ [e“‘^(4/3A^  + 2A^  + 6A  + 7)  + A-?] 
C3  = ^ [e"^(2/3A^  + 4A^  + 8A  + 9)  + A-9J 


FIG.  8.1  PLOT  OF 

fl  VS.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = 1 
F(T)=l/fl*lfl-T) 
LflGUERRE  CASE 
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FIG.  8.2  PLOT  OF 
fl  vs.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = 2 
F(T)=l/fl*lA-T) 
LAGUERRE  CASE 


6-70-102 


FIG.  8.3  PLOT  OF 
fl  vs.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = 3 
F(T)=l/A»Ifl-T) 
LRGUERRE  CASE 
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FIG.  8.4  PLOT  OF 
R VS.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = H 
F(T)=1/R*(fl-T) 
LRGUERRE  CASE 
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FIG.  8.5  PLOT  OF 
fl  vs.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = 5 
F(T)=1/A»(R-T) 
LAGUERRE  CASE 
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FIG.  8.6  PLOT  OF 
fl  vs.  RELRTIVE  ERROR 
NUMBER  OF  FILTERS  = 1 
Fm=l/R»(fl-T) 
RRBITRRRY  CRSE 
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FIG.  8.7  plot  of 

fl  VS.  RELRTIVE  ERROR 
NUMBER  OF  FILTERS  = 2 
F(T)=l/fl»Ifl-T) 
RRBITRflRY  CASE 
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FIG.  8.8  PLOT  OF 
fl  VS.  RELATIVE  ERROR 
NUMBER  OF  FILTERS  = 3 
F(T)=1/Bnlfl-T) 
ARBITRARY  CASE 
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FIG.  8.14  AND  FIVE  flPPRQXIMflTIQNo  FOR  fl=2.0 

LflGUERRE  CASE 
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